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Methods Of diaonoslnQ or treatin g Alzheimer's diseaae on basis of Increased cerebrpsp lnfli 
fluid levels of nerve growth factor 



AlzhBimer's disease (AD), first described by the Bavarian psychiatrist Alois Alzhdmer In 
1 907, is a progressive neuropsychiatric disorder which begins with short term memory loss 
and proceeds to loss of cognitive functions, disorlentalion. Impairment of judgement and 
reasoning and, ultimately, dementia. It is the most common form of dementia. The 
neuropathology is charactenzed by The formation in brain of arnyloid plaques and 
neurDfibrillary tangles. AD has been estimated to afflict 5 to 1 1 percent of the population 
over age 65 and as much as 47 percent of the population over age 85, Moreover, as 
adults, born during the population boom of the 1940's and iQSO's. approach the age 
v^en AD becomes more prevalent, the control and treatment of AD will become an even 
nr>ore significant health care problem. Familial forms of AO are geneticaify heterogeneou8« 
but most with earjy onset are linked to mutations in the presenilin genes PSEN1 and 
PSEN2. as well as to mutations of the amyidd precursor gene APR. The majortty of AD 
patients have no obvious family Nstory and are classified as sporadic AO. For this late 
onset AD, several putative genetic risk factors have been reported, Among these the ApoE- 
epsilon 4 (ApoE 4) has been widely confirmed to confer Increased rtsk for AD- Inheritance 
of ApoE4 and other risk factors are neither necessary nor sufficient to cause AO. In 
contrast to the APP- and PSEN mutations which increase the production of AjJ, the 
principal component of senile plaques In AD brain, the ApoE variant most likely Influences 
A^ accumulation by modulating clearance and degradation of the peptide. 

In the seardi for biochemical changes in patients with neuropsychiatric disorders analysis 
of cerebrospinal fluid (CSF) may be a useful mettwd, since the CSF is continuous with the 
extracellular fluid of the brain. Thereforei a plurality of studies aiming eA the anatysis of the 
central nervous system (CNS) specific proteins in CSF were performed in order to find 
biochemical markers for neuronal and synaptic function and pathology in degenerative 
brain disorders. 

Nerve growth factor (NGF) fs one of the neurotrophic agents that promote differential Ion or 
support the sun/ival and functioning of some populations of neurons, influ ncing their 



2 

effects not only on the peripheral sensory and eympathstlc neurorw but also on the cer^ 
neurons. The pathophysiological roles of NQF in the hurnan neivous system, especially In 
relation to neuropsychiatric disordere, has not been fully underwood yet It Is krvown that 
patients with acute multlpid sderods |MS), traumatic brain Injury or hypertensive cerebral 
hemorrhage show higher NGF levels in the CSF and NGF has tropNo roles in regenerating 
axons intheCNS, 

To detem^lne the pathophysioiogtcai roles of NGF In the human CNS with special 

reference to neuropsychlatric disorders^ levels of NGF In CSF from patients wtth the 

follovsnng neurodegenerative disorders have been examined by Nisho et el. (Clinica 

Chimloa Acta 275, 93 - 9B. 1998) using a highly sensitive two^lte erveyme Immunoassay. 

(i) Parkinson's disease 

(li) Progressive supranuclear palsy 

(lii) Sporadk: olivo-pontocerebellar atrophy 

(fv) Spinoceret^lar ataxia 3 / Machado%i06eph disease 

(v) OentatCKubropallMo-fuystan atrophy 

However, Nisho et al. did not examine any patients suffering from Alzhelmer'a disease. 

As AD Is a growing social and medical problem, thers Is a strong need for methods of 
diagnosing or prognosing said disease in sub^eots as well as for meHiods of trMtmenL 

In one aspect, the Invention features a method for diagnosing or progriosino Alzheimer's 
disease In a subject, or determining whether e subjact Is at Increased risk of devetoping 
Alzheimer's disease* comprising: 

determining a level of nen/e growth factor and/or of a transcription product of a gene 
coding for nerve growth factor in a sample from seld subject; 

and comparing said level to a refererKe value representlr^g a kncvm disease or health 
status, 

thereby diagnosing or prognosing said Alzheimer's diaaase in said subject, or determining 
whether said sutHect is at Increased risk of developing Alzheimer's disease. 

it Is pr ferred to use a body fluid, pr fenably cerebrospinal flukd, as said sample. An 
increase of a level of nerve grovi/th factor in cerebrospinal fluid from a subject relative to 



said reference vakie represenilng a known health status Indicates a diagnosis, or 
prognosis, or Increased risk of said Alzhetm r's disease In said subject. 

In a further aspect, the Invention features a method of monttortng progression of 
Alzheimer's disease in a subject, comprising: 

determining a level of nerve growth factor and/or of a transcription product of a gene 
coding for nerve growth factor In a sample from said subject; 

and comparing said level to a reference value representing a known disease or health 
status, thereby monitoring progression of said Alzheimer's disease In said subject. 

It Is particularjy preferred to further compare a level of nerve growth factor and/or of a 
transcription product of a gene coding for nerve growth factor In said sample with a level of 
at least one of said substances in a series of samples taken from said subject over a period 
oftfme. 

In still a further aspect, the Invention features a method ot evaluating a treatment for 
Aizhelmer's disease, comprising: 

detennining a levef of nerve growth factor and/or of a transcription product of a gene 
coding for ner« growth factor In a sample from said subject; 

&nti comparing said level to a reference value representing e known disease or health 
status, 

thereby evaluating said treatment for said Alzheimer's disease. 

In another aspect, the Invention features a kit for diagnosis, prognosISi or determination of 
Increased risk of developing Alzheimers disease in e subject, said kit comprising: 

(a) at least one reagent which selecttvoty detects nerve growth factor or a transcription 
product of a gene coding lor nerve growth factor and 

(b) instructions for diagnosing, or prognoslng Alzheimer's disease, or determining 
increased risk of developing Alzheimer's disease by 

(i) detecting a level of nerve growth factor and/or of a transcription product of a 
gene coding for nerve growth factor in a sample from said subject; and 

(ii) diagnosing, or prognoslng, or determining whether said subject Is at 
inoreas d risk of developir>g Alzheimer's disease, 



Wherein an Increased Idvel of nerve growth factor anchor of a transcription product of a 
gene oodlno for nerve growth factor compared to a reference value repreaenting a krx>wn 
health status; 

or a level of nefve growth factor ancVor of a transcription product of a gene coding for 
ner^ growth tector similar or equal to a reference value representing a known disease 
status 

Indicates a diagnosis, or prognosis, or increased risk of developing Alzheimer's disease. 

In arrother aspect, the Invention features a method of treaUng or preventing Alzheimer's 
disease In a subject comprising admlnlstarloQ to said subject in a therapeutically effective 
amount an agent or agents which directly or indirectly affect an activity, or level, or both 
said activtty and level, of at least one substance which is selected from the group 
consisting of a gene coding for nerve growth factor, its non-coding regulatory dements, a 
tranacriptton product of a gene coding for nerve growth factor, and nerve growth factor. 

In still another aspect, the Invention features the use of an agent for treating Alzheimer's 
disease, wherein said agent directly or Indirectly affects an activtty* or level, or both said 
activity and tevel, of at least one substance which is selected from the group oortsisting of a 
gdrte coding for nerve growth factor. Its non-coding regulatory elements, a tranacriptton 
product of a gene coding for nerve growth factor, and nerve groMrth factor. 

The invention further features a method for tdenttfying en agent that directly or Indirectly 
affects an actMty, or a level, or both said activity and level, of at least one substance which 
Is selected from the group consisting of a gene coding for nerve growth factor, Its non- 
coding regulatory elements, a trar>scr1pt(on product of a gene coding for nerve growth 
factor, and nerve growth factor, comprising the steps of: 

(a) providirtg a sample containing at least one substance which is selected from the 
group consisting of a gene codlr^g for nerve growth factor, Its norvcodlr^ regulatory 
ek^ents. a transcription product of a gene coding for nerve grov^ factor^ arti 
nerve growth factor; 

(b) contacting said sample with at least one agent; 

. (c) comparing an activity, or a level, or b th said activity nd level, of at least one of said 
substances before and after said contacting. 



Figure 1 depicts that CSF levels of NGF ar significantly elevated in the AD group, as 
compared to txDth the group consisting of patients with major depression (DE) as well as to 
the control group (CTR). Levels {pQ/n\\) are given in mean ± SEM. Asterisk * *) indtoate 
significance (p< 0.06). Mann-Whltney U Teat. • AD versus D6, p < 0.001; ** AD versus 
CTR. p < 0.001, NGF concentrations in CSF of the AD group amounted to BJ9 +/- 0«72 
pg/ml (mean +/- SEM. range; 3.29 to 14.95, n - 23), compared to 4.07 +/- 0.50 pg/ml In 
the DE group {range: 2.42 to 9.54, n = 14), and 3.49 +7- 0.51 pg/ml in the CTR group 
(range: 0.00 to 4.64, n «= 8), respectively. The alterations in patients suffering from AD may 

reflect disturt>ance$ in the trophic support of specific neuronal populetlons, such as the 

/ 

t>asal forebraln cholinergic system. There was no apparent correlation of CSF levels of 
NGF with ApoE genotype (or phenotype, respectively), age, duration of AD. f^MS, 



NOSGEH or MADRS scores. 




The AD group was as foltows: n = 23< 12 men, 1 1 women, mean age 63 9 +/• 13.2 SD 
years, nange 39 - 86 years. MMS score: mean 1 8-6 +/- 5,6 SD. 

The DE group was as follows: n « 14, 5 mm, 8 women, mean age 66,2 V- 13*6 SO years, 
range 47 - 86 years, MMS score: mean 28.1 V- 0.9 SD. 

The CTR group was as follows: n 8, 5 men, 3 women, mean aga 60. 1 +/* ^ B-l SD years, 
range 31 -81 years. 

AD and CTR patients were free of psychotropic medication. Patients wKh ma)or depression 
were treated with various antidepressant drugs ir^luding serotonin reuptake InNbltors. 
reversible monoamlnooxidase A inhlt^ltor^ and tricyclics. Informed consent was taken from 
each patient and their caregrvers before the Investigation. The study was approved by the 
local ethics committee* All procedures were In accordance with the Helsinki Declaration of 
1975. as revised In 1963. Within one week of dementia testing. CSF was obtained by 
lumbar puncture^ To oontnot for possible Influences of a ventrk^ukHumbar gradient lumt^ar 
punctures were done t>etween 7,30 and 8 a. m. t>efore breakfast while patlervts were still 
lying flat. CSF samples were frozen on dry ice immediately upon withdrawal at the bedside 
In 0.5 ml alkiuots and stored at - 85 until biochemical analysis. 

CSF levels of NGF were measured by an EUSA as described recently (Weskamp et al.. J. 
hteurodiem. 4B. 1779 - 1786, 1987). Black 9&wdll microplates (Nunc) were coated with 
rrxjnoclonal antl-p (2.5 S, 7S) NGF anrtlbodles (Ab) (done 27/21, Boehringer Mannheim) 
diluted In cartx)nate buffer pH 9.2 over night at 4 ^'C 120 ^1 of CSF and standard solutions 
were added and incubated for 20 hours at 4 ""C. Plates were washed and Incubated with 
arrtl-p (2.6 S, 7S) NQF-§-galactosldaae conjugate for 2 !A hours at room temperature (RT). 
Following an additional washing step, the fluorogenlc substrate 4-methylumt>elltferyl-^-D- 
galactopyranoside was added and plates were incubated at 4 *^C over night. The reaction 
was stopped after 1 h at RT and the flurorescent product was measured in the microtrter 
wells using a fluorometer (Labsystems Fluoroskan Ascent FL) (excftation wavelength: 355 
nm; emission wavelength: 460 nm). The detection limit was 1.5 pg/ml; the cross-reactivity 
with other neurotrophirts at 1 0 ng/ml was < 2 %. 
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ApoE genotyping was parformed using fNNOLlPA ApoE, Innogenetlcs, Belgium. ApoE 
ph notyping was performed according to McDowell et al, (Clin. Chem. 35(10), 2070 - 
2073, 1 989). The use of the ApoE phenotype synonynrous wNh the ApoE genotype In the 
stftBstical analyses seemed to be appropriate, sine© ApoE genotyping compared whh 
protein phenotyping showed conflicting results In less then 2 % (Hansen et al., Qln. Chtm. 
Acta. 224(2). 131 -137. 1994). 



Statistical analyses of data wane performed using the Menn-Whitney U test for group 
comparisons. Correlation analyses were performed by multiple regression using C5F Ie\/el8 
of neurotrophlns as well as ApoE genotype (or phenotype, respectively), age. duration of 
th disease in AD» MMS, NOSGER and MADRS scores. Regression analysis was 
complememed with analysis of variance (ANOVA) by using SPSS for Windows (version 
8,0). Statistical significance was assumed at p < 0.05. Bonferroni correction for multiple 
testing was applied. 



II 



CLAIMS 



1. A method for diagnosing or prognoaing Alzheimer's disease in a subject, or 
determining whether a subject is at Increased risk o1 developing Alzheimer's disease, 
compnsing: 

determinlng a level of nerve growth factor and/or of a transcription product of a gene 
coding for ner\m growth factor in a sample from said subject; 

and comparing said level to a reference value representing a known disease or health 
status, 

thereby diagnosing or prognosing saJd Atzhelmer's disease in said subject, or 
determining whether said subject Is at Increased risk of developing Altheimer*s 
disease, 

2. The method according to claim 1, whereki said sample is a body fluid, pretoratily 
cerebrospinal fluid. 

3. The method according to claim 2, wtiereln an Increase of said level of rwrve growth 
factor in said cerebrospinal fluid from said sut^ect relative to said reference value 
representing a known health statue Indicates a dl^nosis, or prognosis, or increased 
risk of said Alzheimer's disease In said subject. 

4. A method ot monitoring progression of Alzheimer's disease In a subject, comprising: 
detemrtlning a level of nerve growth factor end/or of a transcription product of a gene 
cx)ding for nerve grov^h factor In a sample from said subject; 

end comparing said level to a reference value representing a known disease or heaKh 
status, thereby monitoring progression of said Alzheimer's disease In said sub^lect. 

5. A method according to claim 4. further comprising comparing a level of nerve growth 
factor and/or of a transcription product of a gene coding for nerve growth factor In said 
sample with a level of at least one of said substances In a series of samples taken from 
said subject over a p rlod of time. 
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6. A method of evaluating a treatment for Alzheimer's disease. connprl3lng: 
determining a level of nerve growth factor and/or of a transcription product of a gene 
coding for nerve grovyth factor In a sample from said subject; 

and comparing said level to a reference value representing a Known disease or health 
statusi 

theret>y evaluating said treatment for said Alzheimer's disease. 

7, A kit for diagnosis, prognosis* or determination of Inoreased risk of developing 
Alzheimer's disease in a subject, said kK comprising: 

(a) at least or>e reagent which selectively detects nerve growth factor or a transcription 
product of a gene coding for nerve growth factor; and 

(b) Instructions for diagnosing, or prognoaing Atehelmer's disease, or determining 
Increased risk of developing Alzheimer's disease by 

(i) detecting a level of nerve growth factor and/or of a transcription product of a 

gene coding for nen/e growth factor In a sample from said subtject; and 
(il) diagnosir>g. or prc^nosing. or determining whether said subject Is at 
increased risk of developing Alzheimer's disease, 
v/herein an increased level of nerve growth factor and/or of a transcrtptkxi product of a 
gene coding for nerve growth factor compared to a reference value representing a 
known health status; 

or a level of nerve growth factor and/or of a transcr(ptk>n product of a gene coding for 
nerve growth factor simitar or equal to a reference value representing a known disease 
status 

Indicates a diagnosis, or prognosis, or Increased risk of developing Alzheimer's 
disease. 

8. A method of treating or preventing Alzheimer's disease In a sulrHect comprising 
administering to said subject In a therapeutically effective amount an agent or agents 
which directly or indiractiy affect an activity, or level, or both said activity and level, of at 
least one substance which ts selected from the group consisting of a gene coding for 
nerve growth factor, Its non-coding regulatory elements, a transcription product of a 
gene coding for nerve growth factor, and nerve growth factor. 
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9. Usd of an ageni for IreatinQ Alzheimer's disease, wherein said agent directly or 
indirectly effects an activity, or level, or txAJh said acttvtty and level, of at least one 
siitistance which Is selected from the group consisting of a gene coding for nerve 
growth factor, Its non-coding regulatory elements, a transcription product of a gene 
coding for nerve grov^h factor, and nerve growth factor. 

10. ^ method for Identifying an agent that directly or indirectly affects an activity, or le^^l. or 
both said activity and level, of at least one substanoe which Is selected from the group 
consisting of a gene coding for nan/e growth factor, its norvcoding regulatory elements, 
a transcription product of a gane coding for nerve growth factor, and nen^ growth 
factor, comprisir^g the steps of: 

(a) providing a sample containing at least one substance which is eelected from the 
group consisting of a gene coding for nerve growth factor, Its norKXXjIng regulatofy 
elements, a transcription product of a gene coding for nerve growth factor, and 
nerve growth factor; 

(bj contacting said sample with at least one agent; 

(c) comparing an activity, or level, or t>oth said ecUvity and level, of et leart one of said 
substances before and after said contacting. 
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ABSTRACT 



The invention relates to a method for diagnosing or prognoeing Alzheimer's disease In a 
subject* or determining whether a subject is at increased rtsk of developing Alzheimer's 
disease, comprteing: 

determining a level of nerve growth factor and/or of a transcription product of a gene 
coding for nerve growth factor In a sample from said subject; 

and comparing said level to a reference value representing a known dlseeise or heafth 
status. 

thereby diagnosing or prog nosing said Alzheimer's disease in sard subject, or determining 
whether safd subject Is at increased risk of developing Alzheimer's disease. 



Figure 1 



